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Introduction 
In recent years, consumer interest in pork raised without or with 
limited in-feed antibiotics and the introduction of the Veterinary 
Feed Directive have driven producers to look for alternatives to 
the use of antibiotic growth promoters (AGPs) in feed. There are 
numerous products already available that have the potential to 
be considered as AGP alternatives, although the effectiveness of 
many of these products has so far not been clearly demonstrated. 
Current data involving these AGP alternative ingredients are 
widely variable, and studies evaluating their effects lack consistent 
methodology and reporting of critical information. This leaves a 
significant gap in or knowledge about the effectiveness of these 
products and the ability to make comparisons across studies. 
In order to most efficiently identify useful AGP alternatives, it 
is necessary to first increase the consistency with which studies 
evaluating them are conducted. The objectives of this experiment 
were: 1) to develop and validate guidelines for studies on alter-
natives to AGPs to ensure progress in developing and assessing 
the scientific merit of such projects is as rapid as possible and to 
facilitate the comparison of research results across multiple stud-
ies, and 2) to evaluate the effects of example AGP alternatives in 
varying pen-group sizes.
Materials and methods
A 41-d experiment was conducted in a commercial wean-to-fin-
ish barn; 1,300 piglets weaned at 21-d of age (weaned 2 or 4 days 
prior to experiment; 6.14 ± 0.18 kg BW, PIC 1050 sows with 
PIC, DNA Genetics, or Genesus Duroc or PIC Pietrain sires) 
were blocked by sire, sex, and wean date and assigned to one of 
8 treatments: 4 dietary treatments each evaluated across 2 pen-
group sizes. The four dietary treatments were: negative control 
diet (NC), positive control diet (PC; NC + in-feed antibiotics), 
zinc oxide with a dietary acidifier (ZA; NC + ZnO + acid), and a 
Bacillus-based direct-fed-microbial combined with resistant pota-
to starch (DR; NC+DFM+RS). 
The two group sizes were 31 (large pens) or 11 (small pens) pigs 
per pen; small pens were modified so that floor space per pig was 
not different. Each pen was equipped with a four-space self-feed-
er; in the small pens, two of the four holes were blocked off to 
make feeder space per pig similar in both pen sizes. There were 
7 pens/diet with 11 pigs/pen and 8 pens/diet with 31 pigs/pen. 
Throughout the study, any individual medical treatments ad-
ministered and any pig removed from the study (found dead or 
removed for illness or welfare concerns) was tracked by date and 
by pen in order to quantify medical treatments, mortality, and 
morbidity. Data were analyzed using SAS PROC MIXED with 
pen as the experimental unit. The pigs used in the study originat-
ed from a herd negative for porcine reproductive and respiratory 
syndrome virus (PRRSV) as determined by negative oral fluid 
and serum PCR analysis. 
Oral fluid, serum samples and necropsy of pigs that died were 
used to confirm or rule out exposure to specific pathogens 
throughout the study. All diagnostic tests were performed at the 
Iowa State University Veterinary Diagnostics Laboratory.
Results and discussion
The pigs experienced two naturally occurring health challenges 
during the trial (acute diarrhea and septicemia in week 1 and 
PRRSV in week 4; Table 1). Total mortality was 1.8% and total 
morbidity was 6.1%. 
There was a significant interaction between diet and group size for 
ADG (P = 0.012; Table 2); PC compared to NC improved ADG 
in large and small pens (P < 0.05); and ZA improved ADG only in 
large pens (P < 0.05). Small pens had improved ADG compared 
to large pens when fed NC or DR diets (P < 0.05). Similarly, PC 
improved ADFI in large and small pens (P < 0.05). Compared to 
NC, ZA improved ADFI in large pens only (P < 0.05; diet*group 
size P = 0.015). Pigs fed PC had greater G:F than NC (diet 
P < 0.001), and small pens had greater G:F than large pens  (group 
size P = 0.004). There was no effect of ZA or DR on G:F. 
Most of the published studies evaluating alternatives to growth 
promoting antibiotics thus far have been conducted in academic 
research settings, which generally house pigs in smaller groups 
than commonly found in commercial barns. Several previous 
studies on group size have shown that growth performance can be 
impacted by the number of pigs housed in a group, regardless of 
floor space allowance per pig.1-3 For these reasons, a comparison 
on the effect of AGPs and AGP alternatives between two group 
sizes may be useful. The finding that pigs responded more favor-
ably to the ZA diet in large pens than in small pens illustrates that 
group size should be considered when evaluating non-antibiotic 
additive products and comparing results across studies, as the 
number of pigs per pen may influence a study’s outcome. 
These results indicate that a diet containing high levels of zinc 
and a dietary acidifier may have an increased potential to improve 
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Table 1: Results of diagnostic testing throughout nursery trial
Day1 Pathogen2 Result Testing method3 
3 Salmonella (S. infantitis) Positive Liver culture 
3 Actinobacillus suis Positive Lung culture 
3 Streptococcus suis Positive Lung culture
11 Mycoplasma hyorhinis Positive Fibrin swab PCR
26 PRRSV Positive Oral fluid PCR
26 IAV Negative Oral fluid PCR
26 Haemophilus parasuis Positive Lung culture
26 Streptococcus suis Positive Lung culture
40 PEDV Negative Oral fluid PCR and serum PCR 
40 PDCoV Negative Oral fluid PCR 
40 Mycoplasma hyopneumoniae Negative Oral fluid PCR and serum PCR
1 Trial day on which sample was collected 
2 PRRSV = porcine reproductive and respiratory syndrome virus, IAV = influenza A virus, PEDV = porcine epidemic diarrhea virus, PDCoV = por-
cine deltacoronovirus. 
3 PCR = polymerase chain reaction 
Table 2: Effects of dietary treatment and group size, and their interaction, on nursery pig growth performance, d0-41
31 pigs/pen 11 pigs/pen P-value
Item NC PC ZA DR NC PC ZA DR SEM Diet Pen size Diet*size
Start BW, kg 6.12 6.11 6.11 6.12 6.09 6.09 6.09 6.08 0.089 0.997 0.013 0.958
End BW, kg 17.32 20.13 18.25 17.16 18.46 20.01 17.94 17.69 0.361 < 0.001 0.154 0.080
ADG, kg 0.26 0.33 0.28 0.25 0.29 0.33 0.27 0.28 0.009 < 0.001 0.006 0.012
ADFI, kg 0.40 0.47 0.43 0.40 0.43 0.47 0.42 0.42 0.011 < 0.001  0.144 0.015
G:F 0.64 0.69 0.65 0.62 0.67 0.69 0.66 0.66 0.010 < 0.001 0.004 0.203
1 NC = negative control, PC = positive control: NC + dietary antibiotics, ZN = NC+ ZnO + dietary acidifier, DR = NC + Bacillus-based direct-fed 
microbial + 5% resistant starch. 
2 Start BW was used as a covariate in all statistical analyses.  
 
growth performance in an environment where pigs are slightly 
more stressed, such as in a barn where pigs are housed in larger 
groups. The results also suggest that a positive response to cer-
tain non-antibiotic additives may be less pronounced in studies 
conducted where pigs are housed in smaller groups as found in 
academic research settings. Pigs fed the PC diet required signifi-
cantly fewer individual medical treatments than those fed the 
NC diet, and pigs fed the ZA diet were intermediate of the PC 
and NC (P = 0.024, Table 3), indicating dietary antibiotics and 
the combination of zinc oxide and a dietary acidifier may benefit 
pig welfare. There were significantly fewer pigs removed (includ-
ing mortality and morbidity) from small pens than from large 
pens (P = 0.049, Table 3), which could indicate improved welfare 
in the smaller group size. 
Recommendations for future studies 
In order to increase consistency in collecting and reporting critical 
information in AGP alternative studies, guidelines for future 
studies will be needed. Health status of a group of pigs is an 
important consideration when AGP alternatives are being eval-
uated, as products may have greater or less efficacy under certain 
conditions of health in a barn.  In addition, some studies have 
shown the potential for AGP alternatives to mitigate a health 
challenge.4-6 Thus far, the impact of specific AGP alternatives 
in the presence of particular pathogens is not well understood. 
Therefore, it is important to document pathogens present in a 
group of pigs that may influence the outcome of a study. In this 
study, collecting and analyzing oral fluid, serum, and tissue sam-
ples (from pigs that died) allowed for identification and/or exclu-
sion of critical pathogens as influential factors in this particular 
group of pigs (Table 1).
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Table 3: Effects of dietary treatment and group size on medical treatments and morbidity (removals)
Item
Diet4 Group size
NC PC ZA DR SEM P-value 31 pigs 11 pigs SEM P-value
Medical treatments, proportion2 0.814a 0.506b 0.719ab 0.923a 0.152 0.024 0.759 0.722 0.136 0.706
Removals, proportion3 0.086 0.062 0.073 0.059 0.017 0.666 0.087 0.053 0.0121 0.0486
1  NC = negative control, PC = positive control: NC + dietary antibiotics, ZN = NC+ ZnO + dietary acidifier, DR= NC + Bacillus-based direct-fed 
microbial + 5% resistant starch. 
2  Medical treatments calculated as total number of medical treatments administered per pen divided by number of pigs allotted to pen (31 or 11) 
3  Removals calculated as total number of pigs removed from study (found dead or removed for illness or injury) divided by number of pigs allotted 
to pen (31 or 11). 
4 Means within a row without a common superscript differ significantly (P < 0.05).
5 Interaction P-value for medical treatments and removals not significant. (P > 0.1).  
Table 4: Sample size calculations (α = 0.05; power = 0.8)
Variable Pen size 
Standard  
Deviation, kg1
Desired treatment  
difference, kg Sample size (n/trt)
ADG, kg 31 pigs/pen 0.036 0.05 9
11 pigs/pen 0.032 0.05 7
ADFI, kg 31 pigs/pen 0.042 0.07 6
11 pigs/pen 0.032 0.07 4
G:F 31 pigs/pen 0.036 0.05 9
11 pigs/pen 0.038 0.05 10
1 Estimates of standard deviations associated with each pen size group (31 or 11 pigs/pen) obtained from current experiment (d0-41 data was 
used).
In addition to documenting pathogen exposure, studies should 
keep track of mortality and morbidity, report these numbers, and 
report if there are any differences due to dietary treatment. In 
some cases, non-antibiotic feed additives have been shown to re-
duce mortality and/or morbidity,4,7,8 but in many studies, mortal-
ity is not reported, so conclusions about its impact on the study 
outcome cannot be made. 
Critically, studies should include a negative control diet so that 
effects of an additive ingredient can be examined in reference to a 
negative control. Studies should report diet formulation, inclusion 
rate of the particular additive ingredient and, when possible, final 
diets should be analyzed to confirm the presence of the additive in-
gredient at the intended inclusion level. Additionally, genetic back-
ground, vaccination programs, medication programs, and study 
environment should be documented as these factors may have the 
potential to influence pigs’ response to an additive ingredient.  
As research on AGP alternatives progresses, the credibility and 
impact of future studies will be improved with proper design, 
protocol implementation, and consistent reporting of pertinent 
study information and results. Careful consideration of group 
size, sample size, above mentioned study components and how 
these may influence study outcomes will be advantageous to the 
pork industry’s rate of progress in identifying effective alterna-
tives to growth promoting antibiotics.
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